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VLPXODWHG DORQJ GLIIHUHQW QRQSODQDU IDXOW V\VWHPV IRU YDULRXV OHYHOV RI K\SRWKHVL]HG VWUHVV
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HDUWKTXDNHVFHQDULRVGRXEOHFRXSOHVRXUFHV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/H3LFKRQHWDODQGLWVDEVROXWHOHYHOYDULHVZLWKGHSWK7KHFRQGLWLRQRI
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LV OHVV IDYRUDEOH WR UXSWXUHSURSDJDWLRQ$VDFRQVHTXHQFHZH LQWURGXFHDGHSWKGHSHQGHQW
FULWLFDO GLVSODFHPHQW >'F RI WKH VOLS ZHDNHQLQJ ODZ )LJXUH F@ LGHQWLFDO WR WKH GHSWK
GHSHQGHQW 'F XVHG E\$RFKL DQG 0DGDULDJD  WR VLPXODWH WKH  ,]PLW HDUWKTXDNH
)RUDSRVLWLYHVWUHVVGURSGXULQJDQHDUWKTXDNHTPXVWEHEHWZHHQDQG,IDSODQDUIDXOWLV
LGHDOO\ RULHQWHG ZLWK UHVSHFW WR WKH H[WHUQDO SULQFLSDO VWUHVV WKH FRQGLWLRQ T    HDVLO\
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WKLV FRUUHVSRQGV WR S    RI 'DV DQG $NL 
KRZHYHU WKLV LV QRW WKH FDVH IRU D QRQSODQDU IDXOW V\VWHP )LJXUH  VKRZV WKH SULQFLSDO
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RUS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 VLPXODWHG VFHQDULRV KDV D SUREDELOLW\ EHWZHHQ  DQG  DQG UHVXOWV LQ HDUWKTXDNHV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DFFXPXODWLRQ OHYHO ZKLFK VLJQLILFDQWO\ FRQWUROV WKH FRQVHTXHQW JURXQG PRWLRQV )LJXUH 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UXSWXUHSURSDJDWLRQLVFRQWUROOHGE\HQHUJ\EDODQFHGXHWRWKHVWDWLFDQGG\QDPLFVWUHVVILHOG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DQG D IULFWLRQDO ODZ 7KH H[WHUQDO SULQFLSDO VWUHVV GHWHUPLQHG E\ SDUDPHWHU T LV DVVXPHG
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VLPXODWLRQV RI G\QDPLF UXSWXUH SURFHVV DORQJ QRQSODQDU IDXOWV VXFK DV WKH  ,]PLW
HDUWKTXDNHQHDUE\IRUH[DPSOH+DUULVHWDO$RFKLDQG0DGDULDJD$VDUHVXOW
WKH UXSWXUHG DUHD WKH DPRXQW RI VOLS DQG WKH PDJQLWXGH RI DQ HDUWKTXDNH KHQFH EHFRPH
ODUJHU0ZDQGDVTLQFUHDVHV)LJXUHDQGWKHVHFKDQJHVVKRXOGLQIOXHQFH
WKHJURXQGPRWLRQV$8
7KH JURXQGPRWLRQ VLPXODWLRQV DUH FDUULHG RXW LQ D ' VWUXFWXUDO PRGHO XVLQJ D ILQLWH
GLIIHUHQFH PHWKRG DV LQ $8 7KH ILQLWH GLIIHUHQFH LV EDVHG RQ DSSUR[LPDWLRQV WKDW DUH








JLYHQE\Vp NPVVs NPVDQGρ NJP7KH'PRGHORI%D\UDNFLHWDO
JLYHVRQO\WKHVWUXFWXUHRIVpVRZHGHILQHVsDQGWKHPDWHULDOGHQVLW\ρVLPSO\E\WKH
IROORZLQJHTXDWLRQV  s pV V= DQG     s sV Vρ = × − + + ZKHUHVsLVLQ
NPV DQGρ LV LQNJP/XGZLJ HW DO  +RULNDZD HW DO  )LJXUH  VKRZVD'
SURILOHH[WUDFWHGIURPWKHFRQVWUXFWHG'PRGHO7KHEDVLQVWUXFWXUHLVSURQRXQFHGGRZQWR
DERXW  NP 7KH PLQLPXP YHORFLW\ VPLQ LQFOXGHG LV DERXW  NPV Vs EHQHDWK WKH VHD
IORRU :H VHW WKH JULG VL]H RI WKH ILQLWH GLIIHUHQFH VFKHPH DV Δs    P 7KH PD[LPXP
IUHTXHQF\ fPD[ WKDW LV UHOLDEOHQXPHULFDOO\ LQ WKH IRXUWKRUGHU DSSUR[LPDWLRQ LVHVWLPDWHGDV




WKHILQLWHGLIIHUHQFHVKRXOGEH PD[  t s VΔ ≤ ⋅Δ = VWRHQVXUHVWDELOLW\DQGKHQFHZH
IL[ tΔ    V (DFK FDOFXODWLRQ LV UXQ IRU D GXUDWLRQ RI  V 7KH TXDOLW\ IDFWRU Q IRU
DQHODVWLF DWWHQXDWLRQ LV LQWURGXFHG DV D GDPSLQJ WHUP LQ WKH ILQLWH GLIIHUHQFH IRUPXODWLRQ
*UDYHV  ZLWK FHQWUDO IUHTXHQF\ DERXW  +] 7KHUH DUH RWKHU PHWKRGV WR WDNHQ LQWR
DFFRXQW LQ YLVFRHODVWLF HJ 'D\ DQG %UDGOH\  .ULVWHN DQG 0RF]R  RU YLVFR
SODVWLF HJ 5RWHQ HW DO  IRUPXODWLRQV +RZHYHU DV VKRZQ LQ WKH QH[W VHFWLRQ RXU
FXUUHQW NQRZOHGJH RI WKLV UHJLRQ LV VWLOO OLPLWHG HYHQ LQ WHUPV RI YHORFLW\ VWUXFWXUH DQG D
GHWDLOHGGHVFULSWLRQRIDWWHQXDWLRQZRXOGQRWEHXVHIXO\HW












WKH VSHFWUDO DFFHOHUDWLRQV DW  VHFRQGV 7KH VRXUFH WLPH IXQFWLRQ LV DVVXPHG DV D VSOLQH
IXQFWLRQRIGXUDWLRQVRIVDQGVUHVSHFWLYHO\)LJXUHVKRZVWKHZDYHIRUPVILOWHUHG
XSWR+]DWWKHFRPPRQVWDWLRQVIRUWKHWZRHDUWKTXDNHVDOLJQHGDWWKHRULJLQWLPHt 
7KH DUULYDOV RI WKH ZDYHV DUH JHQHUDOO\ JRRG H[FHSW IRU 6/97 ZKHUH WKH REVHUYHG ZDYH
DUULYHVVOLJKWO\ODWHUWKDQWKHVLPXODWHGRQH7KHSHDNYDOXHVRIWKHZDYHIRUPVKHUH3*9
DUHPRVWO\FDXVHGE\WKHGLUHFW6ZDYHEXWWKH\DUHDVVRFLDWHGZLWKWKHODWHUSKDVHVDWVWDWLRQ
6/97 ,Q RXU PRGHOV QR ' VWUXFWXUH H[LVWV EHQHDWK 6/97 7KLV LQGLFDWHV WKDW WKH PRGHO
FRXOGEHIXUWKHULPSURYHGORFDOO\WRUHIOHFW WKHJHRORJLFDOFRQWH[W$VZHOODVFRQVLGHULQJD
VLQJOHJURXQGPRWLRQSDUDPHWHUVXFKDV3*9ZHDOVRFDOFXODWHWKH*RRGQHVVRI)LW*R)











GHILQHGPHWULFV IRU HDFKFRPSRQHQW IRU WKH WZRHDUWKTXDNHV:HGRQRWDLP WRGLVFXVV WKH
VFRUHVRIDQ\SDUWLFXODUVWDWLRQZHLQWHQGWRVKRZWKDW WKH'PRGHO LVEHWWHU WKDQWKH'




WKH ' PRGHO DVVXPLQJ Q   Vs IRU JURXQG PRWLRQ VLPXODWLRQV RI ODUJH VFHQDULR





GXUDWLRQ RI WKH VRXUFH WLPH IXQFWLRQ RI D VPRRWK %VSOLQH IXQFWLRQ LV JLYHQ IRU  V LQ WKH







VKRZHG WKH QHDUILHOG JURXQG YHORFLWLHV ZLWK QR ILOWHULQJ DQG XVHG WKHP GLUHFWO\ IRU
VHLVPRORJLFDO DQDO\VHV 7KH ZDYHIRUPV ZHUH GRPLQDWHG E\ ORZ IUHTXHQF\ FRQWHQW VWURQJ
SXOVHV RI DERXW D IHZ VHFRQGV DUH YLVLEOH DQG DUH FORVHO\ UHODWHG WR WKH HDUWKTXDNH VRXUFH
SURFHVVHJ$RFKLHWDO,QWKHIROORZLQJVHFWLRQZHXVHWKH*03(RI%LQGLHWDO
ZKLFKLVIRXQGURXJKO\LQWKHPLGGOHRIWKHFRQVLGHUHG*03(VDQGWKHVLPXODWLRQV





/HW XV ILUVW H[SORUH WKH 3*9 PDSV VLPXODWHG IRU DQ 0Z HDUWKTXDNH VFHQDULR FHQWUDO




)RU FRPSDULVRQ WKH WKUHHRWKHU UHFHQW*03(VFRQVLGHUHG DERYH DUH DOVR VKRZQ$OWKRXJK
VRPH GLIIHUHQFHV DUH IRXQG DW GLVWDQFHV VKRUWHU WKDQ  NP DOO WKHVH *03(V VKRZ VLPLODU
RYHUDOOIHDWXUHV7KHVLPXODWHG3*9VDUHKLJKSDUWLFXODUO\LQWKHQHDUILHOGFRPSDUHGZLWKWKH
SUHGLFWLRQV RI *03(V EXW ZH ILQG WKDW VWURQJ DWWHQXDWLRQ Q   9V VKRZV D VPDOOHU
DYHUDJHUHVLGXDOLQ WHUPVRIFRPPRQORJDULWKPVFRPSDUHGWR+HUHDIWHURXU
GLVFXVVLRQ LV EDVHG RQ WKH FDOFXODWLRQV DVVXPLQJ Q   Vs *URXQG PRWLRQV DW YHU\ VKRUW














IHDWXULQJ WKUHH GLIIHUHQW VWUHVV OHYHOV DUH DYDLODEOH IRU 0Za HYHQWV IURP $8 IRU WKH
VHOHFWHG IDXOW JHRPHWU\ ZH FDUU\ RXW VXSSOHPHQWDU\ VLPXODWLRQV IRU YDULRXV VWUHVV OHYHOV
)LJXUHVKRZVWKHVLPXODWHGPDJQLWXGHVRIHDUWKTXDNHVZLWKUHVSHFWWRWKHVWUHVVSDUDPHWHU
T  ,W LV IRXQG WKDW WKH VLPXODWHG PDJQLWXGHV GR QRW DOZD\V GHSHQG OLQHDUO\ RQ T (DFK
LQFUHDVH LQPDJQLWXGHFRUUHVSRQGV WRWKHDFWLYDWLRQRIDIDUWKHUVHJPHQWDIWHUDJHRPHWULFDO
LUUHJXODULW\ ,W LV DOVR FRQILUPHG WKDW WKH SRVLWLRQ RI WKH K\SRFHQWHU FKDQJHV WKH SRVVLEOH
SURJUHVVRIUXSWXUHSURSDJDWLRQHYHQXQGHUWKHVDPHVWUHVVFRQGLWLRQVDVLQIHUUHGLQSUHYLRXV
VWXGLHV HJ 2JOHVE\ HW DO  )LQDOO\ WKH PDJQLWXGH FRQYHUJHV ZKHQ WKH VWUHVV LV





 7KH UHVXOWV RI  VLPXODWLRQV DUH VXPPDUL]HG LQ 7DEOH  DQG )LJXUH  VHH DOVR
6XSSRUWLQJ,QIRUPDWLRQ)LJXUH6DQGDOVRSORWWHGDVDIXQFWLRQRIWKHVWUHVVSDUDPHWHUT LQ
)LJXUH  7KH DYHUDJH UHVLGXDO LV VPDOO IRU VPDOO T DQG LW LQFUHDVHV ZLWK T ZKHUHYHU WKH
K\SRFHQWHU7KHVLPXODWLRQVRYHUHVWLPDWHWKHJURXQGPRWLRQVIRUKLJKT7KLVLVPHFKDQLFDOO\




FORVHU WR WKH UHIHUHQFH *03( 7KLV LV H[SHFWHG DV WKH XVHG IDXOW PRGHOV GR QRW KDYH DQ\
VPDOOHU VFDOH KHWHURJHQHLWLHV ,Q IDFW D VPRRWK UXSWXUH PRGHO LV OLNHO\ WR H[DJJHUDWH WKH
UXSWXUH GLUHFWLYLW\ DQG WHQGV WR JHQHUDWH H[WUHPH JURXQG PRWLRQV FRKHUHQWO\ 2Q WKH RWKHU







DQG UHDWWULEXWHV WKHSUREDELOLWLHVDPRQJ WKHELQVDSSURSULDWHO\:HUHFDOO WKHK\SRWKHVLV
JLYHQ LQ$8 DVVLJQLQJ WKUHH OHYHOVRI WKH VWUHVVSDUDPHWHUT DQG, ZLWK


DVVRFLDWHGSUREDELOLWLHVRIT T DQGT LQGHSHQGHQWO\
RI WKH RWKHU PRGHOSDUDPHWHUV7R HYDOXDWH WKH UHYLVHGSUREDELOLWLHV ZH VLPSO\ VXPPDUL]H
WKHPIRUWKUHHEDQGVTTDQG T>0.8, ZKLFKDUHVKRZQDVDJUD\VXUIDFHLQ




VWDWLRQ ORFDWLRQV EXWZKHUH WKHUHDUHQRGDWD LQ)LJXUH%LQGL HWDO SURYLGH WKH
FRHIILFLHQWV IRU WKH SUHGLFWLRQ RI 6$V XS WR  V 5HVXOWV IRU WKUHH GLIIHUHQW YDOXHV RI T DUH
FRPSDUHG7KHWHQGHQF\WKDWWKHUHVLGXDOVDUHVPDOOHUIRUVPDOOTLVWKHVDPHDVZHREVHUYHLQ
WKH FRPSDULVRQ RI3*9 VR WKDWZH FDQTXDQWLI\ WKHP LQ WKH VDPH ZD\ 7KH FKRLFH RI WKH
3*9 DV D PHWULF LV VXIILFLHQW WR TXDQWLI\ WKH LPSDFW RI VWUHVV SDUDPHWHU T RQ WKH JURXQG
PRWLRQVDQGWRDGMXVWLWVSUREDELOLW\LQWKHORJLFWUHH1HYHUWKHOHVVWKHPRGHOVPLJKWQRWEH
WKHEHVWZLWKUHVSHFWWRWKH*03(6RPHVWDWLRQVZLWKODUJHUHVLGXDOVDUHVWURQJO\DIIHFWHGE\





7KLV UHYLVLRQ QRW RQO\ YDOLGDWHV WKH IUDPHZRUN RI SUREDELOLVWLF VHLVPLF KD]DUG
DVVHVVPHQW SUHYLRXVO\ FDUULHG RXW EXW DOVR LQIHUV WKH SRVVLEOH FUXVWDO VWUHQJWKV 7KH IDXOW
V\VWHPPLJKWEHUXSWXUHGE\ORZT ZLWKRXWZDLWLQJIRU WKHH[WUHPHO\KLJKDFFXPXODWLRQRI
VWUHVV$FFRUGLQJ WRRXU UHVXOWV WKH VWUHVV OHYHODWZKLFKFRXOGRSHUDWHD UHDVRQDEOH0Z
HDUWKTXDNHLVOLNHO\ZLWKDSUREDELOLW\RIPRUHWKDQWREHLQWKHUDQJHRITEHWZHHQ
DQG DVSUHYLRXVO\ LQGLFDWHG LQ)LJXUHVDQG7KLV URXJKO\FRUUHVSRQGV WRSEHWZHHQ
 DQG  RQ DQ LGHDOO\RULHQWHG IDXOW  LQFOLQHG IURP WKH σ D[LV 7KLV LQVLJKW
QHHGV WR EH VFUXWLQL]HG IURP GLIIHUHQW SRLQWV RI YLHZ RI FXUUHQW WHFWRQLF PRYHPHQW DQG
DVHLVPLFDFWLYLW\DORQJWKH1RUWK$QDWROLDQIDXOW
4. Discussion 







VKRZ WKDW WKH UHVXOWV DUH VHQVLWLYH WR D VPDOO LQFUHDVH RI T )XUWKHUPRUH ZH ILQG WKDW WKH
YDOXHV RIT DQG WKH K\SRFHQWHU ORFDWLRQV PD\ QRWEH LQGHSHQGHQW 7KH VLPXODWLRQV VWDUWLQJ
IURPWKHFHQWUDORUHDVWHUQK\SRFHQWHUVDUHSUHVHQWHGE\ORZT  T< ≤ ZKLOHZHVWHUQ
K\SRFHQWHUVDUHFRPPRQIRUKLJKT  T< ≤ ,QRWKHUZRUGVZLWKLQDVHLVPLFF\FOHD
ODUJH HYHQW ZLOO VWDUW PRVW SUREDEO\ IURP WKH FHQWUDO RU HDVWHUQ SDUWV +RZHYHU LI WKH
UHFXUUHQFH WLPH ZDV ORQJHU KLJKHU T GXH WR UHDVRQV LJQRUHG LQ WKLV VWXG\ D ODUJH HYHQW
QXFOHDWLQJ IURP WKHZHVWHUQK\SRFHQWHUZRXOGEHFRPHPRUH OLNHO\7KLV LV WKH IHDWXUHDOVR
LQIHUUHG IURP $8 LQ WKHJLYHQSUREDELOLVWLF IUDPHZRUN EXW WKH FXUUHQW VWXG\ FRQILUPV LW







LQWHUSUHWHGE\ WKH WHQGHQF\RI WKHJURXQGPRWLRQV WREHVWURQJHUIRU ODUJHUT7KHG\QDPLF
UXSWXUHVFHQDULRVDQG'JHRORJLFDOVWUXFWXUHXVHGLQWKLVVWXG\PLJKWQRW\HWEHFORVHHQRXJK








DO  *RXOHW HW DO  $NLQFL HW DO  DOVR SURSRVH D K\EULG JURXQG PRWLRQ
VLPXODWLRQ PHWKRG FRPELQLQJ QRQSODQDU G\QDPLF UXSWXUH VLPXODWLRQV $8 NLQHPDWLF
IUDFWDOVXPRIDVSHULWLHV5XL]HWDODQGVWRFKDVWLF*UHHQ¶VIXQFWLRQVEDVHGRQDILQLWH
VRXUFH %RRUH  7KH UHODWLYHO\ VPRRWK VOLS PRGHOV PLJKW KDYH OHG WR ODUJH JURXQG
PRWLRQV LQDOOFDVHV DV WKHFDOFXODWHG UHVLGXDOV DQGFRQVHTXHQWO\σDUHTXLWH ODUJH LQ WKLV





ZD\ WR HYDOXDWH WKH SUREDELOLW\ RI WKH JLYHQ PRGHO SDUDPHWHUV E\ IL[LQJ DOO WKH RWKHU
SDUDPHWHUV7KHSURFHVVDGRSWHG LQWKLVVWXG\FDQEHXVHIXOZKHQVFUXWLQL]LQJG\QDPLFDOO\
VLPXODWHG HDUWKTXDNH VFHQDULRV DQG WR DVVLJQ WKHP D SULRULW\ WR FRPPXQLFDWH WR HQJLQHHUV
ZKLFKVFHQDULRVDUHWKHPRVWSUREDEOH
$V D VLPSOH H[DPSOH RI PRGHO ELDV OHW XV FDUU\ RXW JURXQGPRWLRQ VLPXODWLRQV
DVVXPLQJQ VsDOWKRXJKWKLVZDVQRWEHWWHULQRXUWHVWVIRUWKHWZRPRGHUDWHHDUWKTXDNHV
WKDQDVVXPLQJDFRQVWDQWQRUQ Vs8QGHUVXFKDVWURQJDWWHQXDWLRQFRQGLWLRQWKHZDYH
SURSDJDWLRQ LV VLJQLILFDQWO\ FKDQJHG DQG WKH VLPXODWHG 3*9V JHW FORVHU WR WKH *03( LH
VPDOOHUUHVLGXDOVIRUWKHVDPHHDUWKTXDNHVFHQDULRV)LJXUH7KLVFKDQJHVWKHYDOXHVRI
//+DQGWKHSUREDELOLWLHVDUHUHYLVHGDFFRUGLQJO\1HYHUWKHOHVVWKHUHYLVHGSUREDELOLWLHVDUH





:H KDYH FDUULHG RXW JURXQGPRWLRQ VLPXODWLRQV LQ WKH 0DUPDUD 6HD 7XUNH\ UHJLRQ
XVLQJ D' ILQLWHGLIIHUHQFH PHWKRG WDNLQJ LQWR DFFRXQW WKH 'JHRORJLFDO VWUXFWXUHRI WKLV
UHJLRQ)LUVW WZR PRGHUDWH HDUWKTXDNHVRI DERXW PDJQLWXGHKDYHEHHQ VLPXODWHG DQG WKH








SXEOLVKHG JURXQG PRWLRQ SUHGLFWLRQ HTXDWLRQV *03(V IRU HQJLQHHULQJ VWURQJPRWLRQ
SDUDPHWHUV 7KH VLPXODWLRQV EHLQJ YDOLG XS WR IUHTXHQFLHV RI DERXW  +] ZH ZHUH DEOH WR
FRPSDUH WKH VLPXODWHG KRUL]RQWDO SHDN JURXQGYHORFLW\ 3*9ZLWK WKH 3*9VSUHGLFWHG E\
YDULRXV*03(V,WZDVVKRZQWKDWKLJKVWUHVVFRQGLWLRQVKLJKTOHDGVWRODUJHHDUWKTXDNHV
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